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Abstract— Myocardial boundary tracking is part of feature extraction task for evaluating human cardiac abnormalities.  In this case, 
the feature of myocardial contraction is extracted in the form of the boundary shape movement and alteration such as shape motion, 
shape deformation.  In this paper, a curve distance measure is proposed for evaluating performance of myocardial boundary tracking 
techniques.  The curve is constructed of 9 – 14 control points along the myocardial boundary which is tracked to all frames in the 
cardiac cycle between the end diastole and the end systole.  The curves distance measure implemented in this study is average of 
absolute shortest distance between estimated curve and ground truth curve.  Both of curves are generated using b-spline interpolation 
technique.  The estimated control point is the yield of the tracking process of the initial point in motion vector space.  In this 
experiment, eight seven motion estimation techniques such as Black Anandan, Brox, Gautama, Gurner Farneback, Horn Shuck, LK, 
LK-Pyr and proposed method are compared to know their performance in tracking on echocardiography image.  The database sets 
are generated to test the performance algorithm that comprising set sequences of ultrasound images with known initial and final 
boundary.  The known vector motion is used to generate the ground truth of synthetic myocardial boundary tracking. The real 
clinical data that have initial and final boundary generated by cardiologist are also used to evaluate the performance.   Accordingly, 
results obtained showed that quantitative measures can be obtained in term of curve distance mean of initial and final boundary 
which is useful for performance evaluation of the aforementioned techniques with the proposed method recorded superiority over 
other techniques. In short, the curve distance measure described in here is useful and provides means of evaluating performance of 
myocardial boundary tracking quantitatively. 
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I. INTRODUCTION 
Quantitative evaluation is an important term in evaluating 
a proposed novel technique then compared with other 
established technique.  The improvement performance of a 
new technique is compared quantitatively by implementing 
the new and established technique to the simulated or real 
data experiment.  There are some quantitative evaluations in 
image processing correlating with this work such angular 
error [1] or cumulative percentage error [2] to evaluate the 
motion vector result of optical flow technique, Hausdorff [3] 
or Euclidian distance to evaluate boundary detection 
technique. 
The tracking of any object in echocardiography image 
sequence is current active research. It has a goal to find a 
technique to track the movement of non-rigid and noisy 
object accurately.  The noisy of echocardiography image 
contribute significantly in the error result of the tracking 
computation.  In [4], authors proposed a fusion information 
in the information space by resolving the uncertainties from 
the dynamic system.  Mikic et al. have been used an active 
contours which guided by optical flow to track 
echocardiographic sequence [5].  In [6], authors combined 
the snake and optical flow technique to improve tracking 
performance in contract echocardiography.  In previous 
work [7], we proposed a tracking method by point tracking 
along myocardial boundary in high accurate motion vector 
space. 
Among the tracking algorithm evaluation, the mean 
absolute distance (MAD) [4], mean sum of squared distances 
(MSSD) [8] have been used to compute distance between the 
estimated point and the ground truth point.  In this paper, we 
try to improve the deficiencies of both MAS and MSSD 
algorithm in evaluating myocardial boundary tracking the 
echocardiography cases. The goal of this paper is to present 
a new solution for the purpose of evaluating algorithms.  To 
that end, we provide a method that adapting interpolation 
technique in generating a new contour from sets of control 
point in myocardial.  The performance algorithm of tracking 
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is evaluated by computing an absolute distance measure 
between estimated curve and ground truth curve. 
II. METHODS 
A. Distance Measurement 
The first step for tracking technique evaluation is to 
choose sets of the parameter to be compared.  In previous 
work of myocardial boundary tracking application, the 
parameters that want to be compared are the computed end 
systole (ES) boundary shape and the ES ground truth 
boundary shape.  In this case, the boundary shape consists of 
9 until 15 control points along myocardial boundary on both 
end diastoles (ED) and ES.  In this tracking application, 
these ES control points are obtained from the computing 
algorithm of the ED control points.  Whereas the ground 
truth ES control point are usually independent of the 
computing result and difficult to track from the initial 
control points in ED boundaries.  In other word, the 
computed controls points and the ground truth control points 
have no correlation in tracking.  Both of the control points 
are independent in generating process.  
Let the distance between two curve p and p0 be denoted 
by d(p, p0) where p is sets of computed boundaries curve and 
p0 is sets of ground truth boundaries curve.  Each of curves 
is represented by sets of control point 
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where each p and p0 is a pair of x and y coordinates of a 
control point of the curve.  The distance of p from the 
ground truth p0 that computed using MSSD [8] is 
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The distance of p from the ground truth p0 that computed 
using MAD [4] is 
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where  } ) ,( ,… ), ,( ), ,( { = nn2211 yxyxyxp is sets of 
computed control points and ,… ), ,( ), ,( { = 20201000 1 yxyxp   
 } ) ,( n0n0 yx  is sets of ground truth control points. 
A proper distance measure is needed in comparing 
performance of the tracking algorithm.  Both of evaluation 
algorithms are not proper with common tracking application 
that has independent control points of computed and ground 
truth.  The control points on ES boundary are hardly tracked 
from the ED boundary manually by cardiologist, especially 
in noisy echocardiography image sequences that have many 
frames during the cardiac cycle.  Computing distance using 
MSSD and MAD need a pair of control point that have point 
correspondence [4] as shown in Figure 1(a).  A set of point 
correspondence traced form ED to ES is hardly generated in 
clinical data though by expert cardiologist. 
In [9], no correspondence control points are used in 
comparing the computed and the ground truth control point.  
The nearest distance between control points and edge in 
another curve is used as the corresponding distances measure 
as shown in Figure 1(b).  The deficiency of this technique 
while implementing in common myocardial tracking 
application is that nearest points is not eternally the proper 
distance to the shortest distance to the boundary.  This 
technique is used properly to evaluate points distance in 
boundary detection evaluation that has contours of 
myocardial as in [3, 10]. 
 
 
(a) 
 
(b) 
 
Fig. 1  Comparison of shape distance measure using (a) a pair control point 
distance (b) shortest distance between control point and curve 
 
B. Interpolation Curve Distance 
B-spline interpolation is used to solve the distance 
measurement problem in myocardial boundary tracking by 
generating a new boundary contour from sets of control 
point.  In such case, boundary contour will correct the 
distance measure between control point and curve.  The b-
spline interpolation will correct the error distance measure 
completely, but note that this correction is a smooth 
approach compare with the above methods.  In other word, 
the curves distance measure is average of absolute shortest 
distance between control point on the first curve and 
interpolation point on other curve.  The distance of the curve 
can be written as 
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where P and P0 the new boundary contour that generated 
using wide de Boor’s interpolation from a set of computed 
}{ 321 np,…,p,p,pp = and ground truth control 
}{ 03020100 np,…,p,p,p = p  respectively. 
 
 
(a) 
 
(b) 
Fig. 2 Comparison of shape distance measure using shortest distance 
between (a) control point of computed boundary and interpolation curve of 
ground truth (b) control point of ground truth and interpolation of computed 
boundary. 
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Figure 2 illustrate the curve distance measure between 
control point and interpolation control points from other 
curve that drawn as the dotted line.  In this paper, 10 points 
are interpolated between two consecutive points.  The total 
of control point will increase 10 times after finishing 
interpolation process. 
The minimum Euclidian distance is calculated to compute 
distance between point and the nearest edge in interpolated 
point as follow 
      
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where subscript k and j denote the index of point of the 
original curve and interpolation curve respectively. 
C. Data Preparation 
In this experiment, synthetic and real clinical 
echocardiographic was used to evaluate myocardial 
boundary tracking performance.  Short axis view of human 
cardiac was used as a model of B-mode simulated 
echocardiographic image as shown in fig 3(a).  Using the 
Field II ultrasound simulation software [11, 12], the 
simulated echocardiographic image is generated which a 
linear scan was set at 3.0 MHz with a 128-element 
transducer, using 64 element phase arrays with Hanning 
apodization and the frequency of sampling at 100 MHz.  
This software comprises several algorithms to create 
ultrasound simulated images.  It has the ability to generate a 
realistic ultrasound transducer that transmits and receives 
ultrasound signal through biological tissue. 
The synthetic image sequence consist of 8 frames that 
obtained by implementing motion vector as shown in fig 3(b) 
to initial synthetic image.  In the synthetic image model, the 
heart's left ventricle chamber is made as in the process of 
cardiac expanding, which the area of the cavity is getting 
bigger.  The maximum displacement of the farthest position 
from the center of the cavity was set to 2.5 pixels. 
 
 
 
Fig. 3 (a) The initial ultrasound image was generated using the Field II 
ultrasound simulation software (b) velocity vector model with maximum 
displacement is 2.5 pixels  
 
The clinical echocardiographic image that used to 
evaluate myocardial tracking performance is a sequence of 
digitized B-mode ultrasound image.  These data were 
acquired from 10 healthy volunteers for each cardiac view 
such as parasternal short axis, parasternal long axis, 2 
chambers and 4 chambers.  The Acuson Squoia C512 
Ultrasound Machine at Cardiac Care Unit UKM Medical 
Centre was used to record scan sequence.  All 
echocardiographic images have a width and height of 
384×287 pixels and same frame rate. 
In this paper, myocardial boundary tracking is 
implemented by computing control point displacement in 
terms of angle and magnitude of points in motion vector 
space. A set of control points was chosen along the 
myocardial boundary on the first frame of echocardiographic 
sequence.  The total displacement of all frames is obtained 
by adding the displacement of consecutive frames and the 
initial position of points in the end diastole cycle. 
Let B(x, y, t) be any position of the myocardial boundary 
at time t and position (x, y) in 2D echocardiographic image. 
Time t starts at 0 in ED cycle and stops at T in ES of single 
cardiac cycle.  The position of the myocardial boundary at 
time t and position (x, y) can be written as follows [7] 
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where ∆ is the time interval between consecutive frames, Bo 
is the position of the myocardial boundary in the end diastole 
of the cardiac cycle (t = 0), and Ui is the motion vector space 
that computed using optical flow.  In this paper, eight optical 
flow techniques are used to generate motion vector and 
compared their performance in myocardial boundary 
tracking. 
III. RESULT AND DISCUSSION 
In this paper, the proposed performance evaluation 
algorithm is tested to quantify myocardial boundary tracking 
technique.  Performance of myocardial boundary tracking is 
computed as curve distance measure between estimated and 
ground truth control point.  Smaller curve distance means 
that the computed control points are close to ground truth.  It 
means that the myocardial tracking algorithm is more 
accurate in computing the subsequent myocardial position.  
In this experiment, we used the synthetic echocardiographic 
image sequence and real echocardiographic clinical data for 
comparing the performance. 
 
 
1st frame 
 
 
3rd frame 
 
 
5th frame 
 
7th frame 
 
Fig. 4 The ground truth of myocardial boundary tracking for 1st, 3rd, 5th and 
7th frame on synthetic ultrasound with parasternal short axis view 
 
Figure 4 shows the ground truth of myocardial boundary 
tracking that used for evaluating the tracking algorithm.  
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IV. CONCLUSION 
A methodology of myocardial boundary evaluation has 
been developed using curve distance measure.  To test the 
usefulness of the proposed methodology, eight motion 
estimation techniques were put to test and their 
performances are evaluated quantitatively in term of the 
curve distance error on sets of image sequences.  Set of 
image database consist of synthetic and real clinical 
echocardiography image sequence. The result of tracking 
performance is an error value that representing a curve 
distance measure between the estimated and ground truth 
control point.  We concluded that the curve distance measure 
provides means of evaluating performance of myocardial 
boundary tracking quantitatively. 
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